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PREFACE 
Today, t h e r e  is  39 ongoing  r a p i d  development  and r e m a r k a b i e  
chancje b o t h  i n  managexent s y s t e m  and i n  p r o d u c t i o n  r e l a t e d  ccn-  
t r o l  and i n f o r m a t i o n  s y s t e m s  i n  t h e  p u l p  and p a p e r  i n d u s t r y .  
The new hardware based  on  r e c e n t  development  i n  m i c r o e l e c t r o n i c s  
h a s  opened t o t a l l y  new t e c h n i c a l  p o s s i b i l i t i e s  and t h i s  h a s  l e a d  
t o  t h e  c o n c e p t  o f  i n t e g r a t e d  h i e r a r c h i c a l  company and /o r  m i l l -  
wide i n f o r m a t i o n  and c o n t r o l  s y s t e m s .  
I n  o r d e r  t h a t  t h e s e  new sys tems  and t e c h n i c a l  s o l u t i o n s  c a n  
b e  e f f e c t i v e  and u s e f u l  t h e  e x p e r i e n c e s ,  needs  and o p i n i o n s  o f  
t h e  e x i s t i n g  and p o t e n t i a l  u s e r s  o f  t h e s e  sys t ems  a r e  i m p o r t a n t .  
A t  t h e  I n t e r a n t i o n a l  I n s t i t u t e  f o r  App l i ed  Systems A n a l y s i s  (IIASA) 
a t  Laxenburg,  A u s t r i a ,  a  p r o j e c t  s t u d y i n g  long- te rm development  
and p r o b l e m a t i c s  o f  f o r e s t  i n d u s t r y  was i n i t i a t e d  i n  1 9 7 9 .  One 
o f  t h e  main t o p i c s  s u g g e s t e d  i n  t h e  p r o j e c t  p r o p o s a l  i s  t h e  
development  o f  i n t e g r a t e d  computer  sys t ems .  L a t e r ,  t h e  emphas i s  
o f  t h e  whole p r o j e c t  p r o g r e s s e s  t o  o t h e r  t o p i c s ,  however it was 
d e c i d e d  t h a t  a  d e t a i l e d  s u r v e y  t o  s t u d y  t h e  n e e d s  and o p i n i o n s  
o f  u s e r s  was an e s s e n t i a l  p a r t  o f  t h e  program. 
A d e t a i l e d  q u e s t i o n n a i r e  was p r e p a r e d  and m a i l e d  t o  o v e r  
2 4 0  major  f o r e s t  i n d u s t r y  companies  i n  17  c o u n t r i e s .  T h i s  p a p e r  
r e p o r t s  on  t h e  r e s u l t s  o f  t h i s  s u r v e y  i n  a r e l a t i v e l y  condensed  
form. I t  i s  t h e  hope o f  t h e  a u t h o r  t h a t  t h i s  r e p o r t  w i l l  b e  
u s e f u l  and i n t e r e s t i n g  t o  p e o p l e  d e v e l o p i n g  and working  w i t h  t h e s e  
s y s t e m s  i n  t h e  f o r e s t  i n d u s t r y  and c e r t a i n l y  t h i s  document i s  
v a l u a b l e  t o  IIASA f o r  p l a n n i n g  f u r t h e r  a c t i v i t i e s  i n  t h i s  a r e a .  
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INTEGRATED COMPUTER SYSTEMS IN 
THE PULP AND PAPER INDUSTRY 
Paavo Uronen 
INTRODUCTION 
The rapid development of control theory, management science, 
operations research, instrument technology, electronics and 
computer science has led to rapid changes in the operation and 
management of mills in process industries since early 1960. 
Typicaliy, this development can also be seen in fores~ industries, 
especially in the pulp and paper industry. 
There was great enthusiasm during the early stages of the 
development of computer applications in the pulp and paper 
industry. For example, ambitious plans were presented for 
implementing the control of a whole paper mill using one big 
computer. This computer was also to perform management tasks. 
Early 1960 was the pioneer time and it is well known that many 
of these projects unfortunately failed. Pessimism and a 
stagnation of progress in this area was the result. The 
reasons for this were quite clear [Uronen, Williams 19781  : 
1. Underestimation of problems and difficulties 
to be overcome. For example, too few personnel, 
too tight a time schedule, limited budget etc. 
2. The reliability, speed and capacity of the 
computers then available were not sufficient for 
the tasks. 
3. Lack of the necessary instrumentation and plant 
process mathematical models and algorithms. 
4. Shortage of competent and specially trained 
personnel for the development and project groups. 
5. Reluctant attitudes of management and operators. 
After a few years delay the era of minicomputers which 
began in the second half of the 601s, opened up new possibilities 
especially in the operational and process control of the mills. 
Thus sophisticated packagedcomputer control systems for certain 
well defined subprocesses of the mills were developed. This 
approach in the process control has proved successful. 
The main reasons being [Uronen, Williams 1 9 7 8 1 :  
1. The systems were developed through cooperation 
between computer specialists and user engineers to solve 
minor and  ell defined problems. 
2. They had the cecessary instrumentation, process 
models an2 algorithms as backaround. 
3. The minicomputers used were already reliable and 
capable enough at that time to handle these smaller 
problems. 
4. The economic results of these systems could be 
clearly verified in a reasonable period of time. 
5. The problems involved with the man-machine inter- 
face were noted and solved using the technology then 
available. 
The success of these systems led to a rapid increase in 
the number of process control systems in the pulp and paper 
industries. The most common applications being paper machine 
control packages (basis weight and moisture control), stock 
preparation systems, digester control systems and bleach plant 
control systems. After the sudden and continuous increase in 
the energy costs after 1973, the interest towards computerized 
energy management systems and boiler control systems has led to 
an increase in the number of these systems in use. 
At the same time as the minicomputer based process control 
system was making its break-through in the process control 
application field, there was a remarkable improvement and change 
in the use of management or business computer systems. These 
computers have become more powerful, have more efficient 
operating systems, use high level languages etc. Their performance/ 
cost ratio has become much more favorable. 
The situation in the pulp and paper industry today is such 
that realtime process control systems ana batch type management 
systexs are widely implemented and used. Unfortunately there 
is little or nc sxckzin:~ of infornation or coordination tz t>;esn  
t5s Z-,?G s z ~ a r a t 2  t y ~ e s  of ~>~stems; norrally different organizations 
use arLd nsintain ~ k e m .  
Toclay thereis rapid development in both process control 
systems and management information systems used in mills. 
The latest developments in microelectronics have created digital 
instrumentation systems and other distributed control system 
which open new possibilities for effective automation, coordinaticn 
and optimization in all production operations, including higher 
level scheduling and planning functions. The classical control 
room instrumentation is also being subjected to rapid change. 
The control room of the 80's will be equipped with interactive 
multicolour video. display units, graphic units, etc. The 
classical recorders, counters and indicators will gradually 
diminish in number. These developments are causing changes in 
the operational management of the mills. For example, cost and 
efficiency control will be much enhanced because cost ariC 
effectiveness figures will be available in real-time. 
The dynamism and complexity of the business and of the 
economy is continuously increasing. Existing methods of 
management will no longer be able to cope with this situation. 
There is also an increasing awareness that accurate and real- 
time information from industrial processes is a vital resource 
for the company and its business environment. Therefore, 
effective information, control and management systems throughout 
the whole organization are needed. This will also mean a 
change in style from accounting oriented management to informa- 
tion oriented rr,anagenent. 
Today there is a trend towards satisfying thisneed to 
include all these separate and uncoordinated systems into 
one mill or company wide integrated system according to hier- 
archical csncepts. [gronen 1979, 1980 a, b, 19811. Figure 1 shows 
- - -  tho 3 r,~;:erti~t ,;?~?rzti:n ,sf ccr.-;:llter based systens in t3e plzlp 
and paper industry, as disc.~ssed above. 
Plany advantages are to be gained by implementing such a 
sq's ten? policy. However there are also a lot of problems 
and difficulties involved defining the correct hierarchies. The 
big question is how to link the management and process control 
systems together and to what extent is this linking reasonable? 
In other words which one of the sketches in figure 2 is the best 
or optimal for different types and sizes of organizations or 
are there still other types of solutions? These were the basic 
questions for starting this study at IIASA in 1979. The only 
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Figure 2: Different degrees of integration 
way t o  e x p l o r e  t h e  f u t u r e  i n  t h i s  a r e a  i s  t o  t r y  t o  g e t  t h e  
o p i n i o n s ,  n e e d s  and  s u g g e s t i o n s ,  i n c l u d i n g  c r i t i s i s m  o f  t h e  
e x i s t i n g  s y s t e m s  and p r o p o s e d  t r e n d s  and  new d i r e c t i o n s ,  from 
t h e  companies  and  p e o p l e  u s i n g  s u c h  s y s t e m s  i n  i n d u s t r y .  
T h e r e f o r e ,  a  d e t a i l e d  q u e s t i o n n a i r e  c o v e r i n g  t h e s e  a r e a s  was 
p r e p a r e d  a n d m a i l e d t o  ca. 2 4 0  f o r e s t  i n d u s t r y  companies  m a i n l y  
p r o d u c i n g  p u l p  and  p a p e r  i n  s e v e n t e e n  d i f f e r e n t  c o u n t r i e s ,  
( A u s t r i a ,  Canada ,  F i n l a n d ,  France,FRG, Hungary,  I t a l y ,  J a p a n ,  
N e t h e r l a n d s ,  Norway, P o r t u g a l ,  S p a i n ,  Sweden, S w i t z e r l a n d ,  
U K ,  U S A ,  USS4). T h i s  q u e s t i o n n a i r e  i s  i n c l u d e d  as Appendix . 
I n  a l l  3 9  comple t ed  q u e s t i o n n a i r e s  w e r e  r e t u r n e d  r e p r e s e n t i n g  
a b o l ~ t  16  ~ e r c e n t  y i e l d .  T h i s  c a n  b e  s e e n  a s  norrnal i n t h e s e t y ? ~ ~  o f  
i ~ v e s t i q a t i o n s .  The p r o d u c t i o n  from t h e s e  c o a p a n i e s  c o r r e s p o n d s  t o  
a b o u t  3 3  m i l l i o n  t o n s  of p a p e r  p e r  y e a r  which  i s  more t h a n  2 3  p e r c e n t  
o f  t h e  t o t a l  c a p a c i t y  i n  t h e  r e s p e c t i v e  c o u n t r i e s .  P re sumab ly  t h e y  
r e p r e s e n t  t h e  b i g g e r  and ( i n  t h i s  s e n s e )  more p r o g r e s s i v e  compan ie s .  
T h i s  s t a t e m e n t  is  r e i n f o r c e d ,  f o r  example ,  by t h e  f a c t  t h a t  t h e s e  
companies  have  a t o t a l  o f  831  p r o c e s s  computer  c o n t r o l  s y s t e m s  which 
r e p r e s e n t s  a p p r o x i m a t e l y  3 0  p e r c e n t  of t h e  w o r l d ' s  sys t ems[L?r~ ; l . en  1 9 S ( j e : ,  
The resc l t s  w i l l  b e  p r e s e n t e d  i n  the  fo l lowi 'ng  c h a p t e r s  w i t h  
d e t a i l e d  s t a t e - o f - t h e - a r t  and  t r e n d  d i s u c s s i o n  o f  p r o c e s s  c o n t r o l  
s y s t e m s ,  management s y s t e n s  and i n t e q r a t e d  m i l l  and  company wide  
s y s t e m s .  
PROCESS CONTROL SYSTEMS 
4s stated previously, computerized process control in the 
Pulp and Paper industry is about 20 years old [Uronen&Williams 19781 
and already the third generation of these systems are in use. 
After "big" computers like the IBM 1800 in the early sixties, 
there were the minicomputers like the PDP-8 and packaged systems, 
and now we have microprocessor based distributed digital instru- 
mentation and control systems. The total number of these systems 
in the world's pulp and paper industry is very difficult to esti- 
mate. Firstly because the definition of a computer based control 
system is somewhat difficult (for example, in the area of order 
handling and roll handling) and secondly there are no reliable 
statistics available. 
Rough estimates based on earlier reports [Gee & Chamberlain 
1977, Keyes 1976, Uronen & Williams 19781 and an annual rate of 
increase of approaximately 20-25 percent would give about 2600 
systems. For IIASA's questionnaire the respondents gave infor- 
mation which indicated that they have installed a total of 831 
computer based process control systems at 710 mill sites. These 
companies represent about 23 percent of the total production 
capacity of the world and also represent the biggest and most 
modern companies (on average). This estimate confirms the 
rough number of 2600 systems as a total figure. Table 1 shows 
the results of the questionnaire concerning the process control 
systems in the pulp and paper industry now in use. 
The following conclusions can be drawn: 
There is a total of 831 systems from which 56 percent 
or 464 are packaged systems. Fortyfour percent are 
in-house or self developed systems. This is somewhat 
different that for example in the study of Keyes [1976], 
Own ' 
Dev. s 
2 2  5 5  
1 2  3 6  
2 0 4 8  
10 59  
2 2 9  
7 7 8  1 
1 2  5 7  1 
! 
Table  1 .  Summary of  l r o c e s s  C o n t r o l  Sys tems  i n  u s e  
B a t c h  D i g e s t e r  C o n t r o l  
Sys t ems  
I i 1 b e  ( Package  
C o n t i n u o u s  D i g e s t i o n  
C o n t r o l  Sys t ems  
5 
B l e a c h  P l a n t  C o n t r o l  
Sys t ems  
Washing & S c r e e n i n g  
C o n t r o l  Sys tems  
P u l p  Dry ing  Machine 
C o n t r o l  Sys t ems  
E v a p o r a t o r  P l a n t  C o n t r o l  
Sys t ems  
Recovery  B o i l e r  C o n t r o l  
Sys t ems  
Lime K i l n  6 C a n s t i c i z a t i o n  
P l a n t  C o n t r o i  S y s t e z s  I 
C ~ s t e r  C o n t r ~ l  Sys tems  i 2 2  1 2 0  1 9 1 1  2  I ! 3 I I 
3311 X a ~ G l i n g  Sys tems  1 5 1  2 2  a 3 i i 9  5  7 
! I ! 
S u a l i t v  I ! o n i t c r i n c  
C o n t r o l  S y s t s s s  
I n v e n t o r y  C o c t r o l  Sys tems  4 1  
I 
EL: , 
I 
Trimming & S c h e d u l i n s  
S y s t e m s  
Ene rgy  Management Sys t ems  
Oreer Hand l ing  S y s t e n s  
E n v i r o n m e n t a l  M o n i t o r i n g  
S y s  t e m s  
P r o d u c t i o n  P l a n n i n g  
Sys t ems  
! P r o d u c t i o n  Cocrc5 i~a t ior - i  
t C o n t r o l  S y s t e c s  1 13 ! 
C o a t i n g  K i t c h e n  
P a p e r  M i l l  t o t a l  
Grand t o t a l  
where he  r e p o r t e d  7 0  p e r c e n t  t o  b e  packaged s y s t e m s .  
T h i s  change  i n d i c a t e s  more i n t e r e s t  i n s i d e  t h e  compan 'es ,  
f o r  example ,  i n  b u i l d i n g  i n v e n t o r y  c o n t r o l  s y s t e m s ,  
t r imming  and  s c h e d u l i n g  s y s t e m s ,  o r d e r  h a n d l i n g  s y s t e m s ,  
r o l l  h a n d l i n g  s y s t e m s  and  p r o d u c t i o n  p l a n n i n g  s y s t e m s  
which  t y p i c a l l y , a c c o r d i n g  t o  t h e  q u e s t i o n n a i r e ,  are 
m a i n l y  i n - h o u s e  b u i l t  a p p l i c a t i o n s .  
The re  a r e  i n  t o t a l  208 s y s t e m s  i n  p u l p  m i l l s  or  a b o u t  
25 p e r c e n t  o f  a l l  s y s t e m s .  The s h a r e  o f  p u l p  m i l l  
a p p l i c a t i o n s , ,  which  a c c o r d i n g  t o  Keyes [ 1 9 7 6 1  was a b o u t  
18  p e r c e n t , h a s  i n c r e a s e d  b u t  more s l o w l y  t h a n  e x p e c t e d .  
One o b v i o u s  r e a s o n  b e i n g  t h e  r a p i d l y  i n c r e a s e d  a p p l i c a t i o n s  
i n  o r d e r  h a r i i l i n g ,  r o l l  h a n z l i n g ,  p r o d u c t i o n  p l a n n i n g  and  
s i m i l a r  a p p l i c a t i o n s  i n  t h e  p a p e r  m i l l  a r e a .  
- ;rom tie ?sip n i l 1  a p p l i c a t i c n s  a S o u t 4 7  p e r c e n t  a r e  s o  c a l l e d  
gackaged  s y r t s n s .  T h i s  f i y c r e i s  s c r ? r i s i n g l y l o w  b u t  u n d e r s t a n d a b l e  
b e c a u s e  f o r  some p r o c e s s e s  ( f o r  example  r e c o v e r y  b o i l e r ,  evap-  
o r a t i c n  p l a n t ,  l i m e  k i l n  and washing  and s c r e e n i n g  p l a n t  e t c )  
packaged s y s t e m s  h a v e  been a v a i l a b l e  f o r  o n l y  a  v e r y  s h o r t  t i m e .  
I n  t h e  p a p e r  m i l l  a r e a  t h e  number o f  packaged  s y s t e m s  i s  
a  l i t t l e  h i g h e r ,  a b o u t  59 p e r c e n t .  T h i s  i s  b a s e d  m a i n l y  on  
t h e  d o m i n a t i n g  amount of on-machine packaged  s y s t e m s  ( a b o u t  25 
p e r c e n t  f rom a l l  s y s t e m s ) .  A f u r t h e r  t y p i c a l  f e a t u r e  i n  t h e  p a p e r  
m i l l  a r e a  i s  t h e  c o m p a r a t i v e l y  l a r g e  number of c o m p u t e r i z e d  
s t o c k  p r e p a r a t i o n  s y s t e m s ,  q u a l i t y  m o n i t o r i n g  and  c o n t r o l  s y s t e m s ,  
t r imming  and  s c h e d u l i n g  s y s t e m s ,  i n v e n t o r y  c o n t r o l  s y s t e m s  and  
o r d e r  h a n d l i n g  s y s t e m s  m o s t  o f  them b e i n g  in -house  s y s t e m s .  
The classification of systems to be packaged or in-house system 
is a little diffuse, therefore, a separate question regarding own 
development gave a different distribution. According to the 
responses, concerning the process control systems 6 1  percent are 
mostly packages and 39 percent own develcpnent. Concerning the 
own development, the distribution that results is shown in table 2. 
Table 2. Extent of own development work. 
Part of own development 
~ 
$ from companies 
- ,-he lnt3resci:c q.:estion cozcerninc the near future p l z r s  
to install or develop xew systems evoked the following results 
as shown in table 3 .  
From this table it can be seen that in addition to paper 
machine systems the planned new installations in the coming few 
years will concentrate in pulp mill area, especially in the 
energy producing and consuming processes such as recovery boiler, 
power boiler, TMP, lime kiln and evaporation plant. 
It was the opinion of 86 percent of the companies who 
answered that most packaged systems need some tailoring to suit 
the requirement of the mill in question. In 78 percent of the 
cases this tailoring is handled jointly by the mill and the vendor 
of the system which is very understandable. In most cases the 
research and development work in this area is concentrated in 
cooperation with the vendor (70X), joint research activities with 
Universities (42%), consulting companies (31%) research institutes 
(22%) and engineering companies (19%) will also be carried out. 
Table 3: New systems to be installed 
Systen: Mentioned in 5 
from companies 
who answered 
Paper Machine System 
Bleach Plant System 
Recovery Boiler System 
Batch Digester Control System 
Energy Management System 
Power Boiler system 
Lime Kiln Control System 
TMP Control System 
Order Handling Systen 
Production Control System 
Stock Preparation System 
Evaporation Plant System 
Ccntinuous Diqester System 
Coater Control System 
Production Planning System 
Inventory Control Systems 
Drying ?lachine System 
Washing L Screening System 
Roll Heandling system 
Quality ~onitoring System 
. - 
..g spec~fic ~ i t z s  
A question of great interest is the use of computerized pro- 
duction planning and control systems connected with the real-time 
process control systems as depicted earlier in figure 2. 
This investigation gave the following result: 
Number of companies having such systems: 16 
Number of companies planning to build 
and implement such systems: 
Number of companies having no plans to 
implement such systems: 
I t  s h o u l d  be  n o t e d  t h a t  t h e  t o t a l  n m b e r  o f  companies  ( 4 6 )  
d i f f e r s  f rom t h e  number o f  companies  answered ( 3 9 )  b e c a u s e  t h e  
same company may a l r e a d y  have s u c h  a  sys t em i n  some m i l l s  and 
i s  p l a n n i n g  t o  i n s t a l l  s i m i l a r  s y s t e m s  i n  o t h e r  m i l l s .  
T a b l e s  and 5 summarize t h e  b e n e f i t s  and draw-backs o f  
t h e s e  s y s t e m s  based  on  t h e  a n s w e r s  c o n c e r n i n g  t h e  companies  
p l a n n i n g  t o  i n s t a l l  s u c h  sys t ems  o r  t h o s e  h a v i n g  n e g a t i v e  
a t t i t u d e s  towards  c o m p u t e r i z e d  p r o d u c t i o n  p l a n n i n g  and c o n t r o l  
s y s t e m s .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  ha rdware  problems have  n o t  
been  ment ioned  among t h e  r e a s o n s  h e r e .  Hence t h e  r e l i a b i l i t y  and 
e f f e c t i v e n e s s  o f  t h e  e x i s t i n g  and a v a i l a b l e  hardware  i s  a c c e p t a b l e  
and s u i t a b l e  f o r  t h e s e  t a s k s .  
i l 2 r i r g  t h e  last f ? w  j.-ears tilere 5 2 s  5225  q - ~ i t e  a I c t  Cl - 
d i s c u s s i o n  c o n c e r n i n g  t h e  ways o f  b u i l d i n g  t h e s e  s y s t e a s ,  i . e . ,  
s h o u l d  t h e  e x i s t i n g  p r o c e s s  c o n t r o l  sys t ems  b e u t i l i z e d  a s  much 
a s  p o s s i b l e  o r  s h o u l d  t h e  p r o d u c t i o n  p l a c n i n g  and c o n t r o l  sys t em 
be b u i l t  s e p a r a t e l y .  From t h e  16 companies  h a v i n g  e x p e r i e n c e  
o f  t h e s e  s y s t e m s ,  f i v e  had used  t h e  former  and e l e v e n  t h e  l a t t e r  
metFLod. The most  i m p o r t a n t  r e a s o n s  f o r  t h i s  i s  t h e  d i f f i c u l t y  
LL - 1 - - 7 .  1:; ccnbinlzg t:;e subzyst;.ms of 5;ff ?rer , t  --enZ:~-s, i. 5 .  , ,.,.= LcL,- 
o f  s t a n d a r d i z a t i o n  and a l s o  t h e  f a c t  t h a t ,  u n t i l  r e c e n t l y ,  t h e r e  
have been no c o m p a t i b l e  sys t ems  d e v e l o p e d  by vendors  on t h e  m a r k e t .  
The f i r s t  such  sys t ems  have r e c e n t l y b e e n i n t r o d u c e d  [Edlund 6 R i g e r l  
1978,  E r i k s s o n  1978, P e t e r s o n  & ~ h c k e r t  1 9 7 8 ,  Fowler  19801. 
I t  c a n  be  conc luded  from b o t h  t h e  e x p e c t a t i o n s  ( t a b l e  4 )  
and from t h e  e x p e r i e n c e s  ( t a b l e  6 )  t h a t  t h e  most  i m p o r t a n t  
b e n e f i t s  w i l l  be  d e c r e a s e d  l o s s e s  and d i s t u r b a n c e s  and  b e t t e r  
i n f o r m a t i o n  and d e c i s i o n  making i n c l u d i n g  improved c o s t  c o n t r o l .  
Table 4. Benefits of Production Planning and Control Systems 
Benefit $ mentioned in 
answers 
Better use of equipment and capacity 
Better cost and effectiveness control 
Better decision making 
More accurate and timely information 
Increased production 
Decreased losses and risks 
Easy and flexible planning 
Savings in personnel 
Increased safety in operation 
Reduction of time loss 
Better customer service 
Bettsr inventory managenent 
Table 5 :  3easons not to install a production planning and 
control system 
Reason 
from nega- 
% tive answers 
High costs 
Benefits are marginal only 
Difficult & complex programming 
Lack of models and algorithms 
Training & Education of personnel 
Attitutdes 
Too complex system 
Decreased losses and disturbances 
Better information and decision making 
High production 
Easier and flexible planning 
Savings in personnel 
Improved timing 
r7- 1 ~ ~ 1 . 2  - 6 :  Experiences from the existing production 
planning and control systems 
Benefits 
The nore "dirsct" savings, i.e., higher production and savings 
in personnel are not at the top of the list. This also 
supports the fact that the pre-investment benefit calculations 
concerning such systems are very difficult to estimate in 
money. 
The mainte3znce of the systems is clarifiec! in table 7. 
% from answers 
Problems 
Updating 
Maintenance 
C C S ~ S  
- 
.able 7: :.!aintenance of the process coritrol systems 
X from answers 
5 6  
3 5  
I 1 9  
Type of maintenance 
Vendor (babysitter) 
Own maintenance department 
Babysitter & own maintenace 
department 
Emergency reparations only 
The t r e n d  h e r e  seems t o  go towards  u s e r  m a i n t e n a n c e .  T h i s  
i s  e s p e c i a l l y  f a v o u r e d  by t h e  s e l f - d i a g n o s t i c  and s e l f - c h e c k i n g  
f e a t u r e s ,  t h e  "change- the-card"  hardware  and s i m i l a r  e a s y  t o  
m a i n t a i n  p r o p e r t i e s  o f  d i g i t a l  m i c r o p r o c e s s o r  ha rdware .  
Concern ing  t h e  f u t u r e  RQD i n  t h e  a r e a  o f  p r o c e s s  c o n t r o l  
t h e  o p i n i o n s  o f  t h e  u s e r s  a r e  l i s t e d  i n  t a b l e  8.  
The need f o r  new and b e t t e r  s e n s o r s  i s  o b v i o u s .  I t  h a s  
been  a t  t h e  t o p  o f  s imi la r  l i s t s  f o r  y e a r s  and no  d o u b t  w i l l  
c o n t i n u e  t o  be  t h e r e ,  b e c a u s e  a c c u r a t e  and r e l i a b l e  i n f o r m a t i o n  
from t h e  s t a t e  o f  t h e  p r o c e s s e s  t o  be  c o n t r o l l e d  i s  e s s e n t i a l  
f o r  good c o n t r o l .  However, an  i m p o r t a n t  f e a t u r e  h e r e  i s  t h e  
need f o r  b e t t e r  p r o c e s s  and m i l l  models ,  e s p e c i a l l y  t h o s e  con- 
c e r n e d  w i t h  c o s t  and p r o d u c t i v i t y .  T h e r e  i s  a l s o  need f o r  b e t t e r  
metho2.s f o r  i n t e s r a t i n g  t h e  subsys tems  i n t o  h i e r a r c h i c a l  s t r u c t u r e s .  
These a r e  n e c e s s a r y  f o r  b u i l d i n g  t h e  upper  p a r t s  o f  t h e  h i e r a r c h y ,  
i . s . ,  2 r o d u c t i o n  p l a n n i n g  and c o o r d i n a t i o n  s y s t e m s  a s  d e p i c t e d  i n  
f i g u r e  3.  [Uronen & Wil l i ams  1978.1 I t  i s  t o  be  n o t e d  t h a t  
t h e  p r o d u c t i o n  management ( o r  a r e a  c o n t r o l )  l e v e l  must  t a k e  
c a r e  o f  t h e  whole m a t e r i a l  h a n d l i n g  from t h e  p u r c h a s e  and  t r a n s p o r t  
of raw m a t e r i a l s  t o  t h e  sh ipmen t  and i n v e n t o r y o f  f i n a l  p r o d u c t s .  
A d e t a i l e d  d i s c u s s i o n  o f  t h e  t a s k s  a t  t h e  v a r i o u s  l e v e l s  o f  such  
a  h i e r a r c h y  can  be  found i n  Uronen & Wil l i ams  [ 1 9 7 8 ] .  
I n  t h i s  c o n n e c t i o n  t h e  o p i n i o n s  o f  t h e  u s e r s  c o n c e r n i n g  
t h e  e x i s t i n g  s y s t e m s  and some new t r e n d s  were a l s o  e x p l o r e d .  
T a b l e s  g and l o g i v e  t h e  r e s u l t s .  
From t a b l e  9 w e  c a n  see t h a t  t h e  u s e r s  are q u i t e  happy 
w i t h  t h e i r  e x i s t i n g  p r o c e s s  c o n t r o l  s y s t e m s .  A t  t h e  same 
t i m e  a b o u t  h a l f  o f  t h e  companies  f e e l  t h a t  t h e i r  h i g h e r  l eve l  
s y s t e m s  i n c l u d i n g  e n e r g y  management s y s t e m s  are n o t  f u n c t i o n i n g  
r- .---.- . -- Mi:;, l b 5 5 1  
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Table 8: Future RED needs 
Topics $ from answers 
New sensors 
Integration of subsystems into 
hierarchy 
Process and mill models 
Standardization 
Man-machine interface 
User oriented programming 
Self diagnostics 
Better algorithms and application 
of advanced theory 
Impacts on manaqement 
Table 9 :  Users' opinions about their existing systems 
System 
Process Control Systens 38 
Very Satis- Unsatis- 
Production Planning & 
Coordination 
factory 
X 500d I 
Energy Management 
Tactical Planning 
Strategic Planning 
factory 
m 
10 
Management Information 
Systems 
Table 10: User's opinions on different systems 
System 
Not Important Useful Useful 
Computerized Process Control 8 6  1 4  0 
Computerized Production Planning 4 3  5 7  0  
A Computerized Order Handling 5 0  4 7  3  
Computerized Quality Control 35 5 9  6  
Computerized Energy Management 7 0  2 7  6  
Computerized Coordination 
System 38 47  1 5  
Real time Management Informa- 
tion system 33 50 1 7  
B Hierarchical Millwide Informa- 
tion and Control System 2 6  52  2 2  
Ccmbination of MIS 2nd Produc- 
tion Control System 2 7  6 0  13 
Decision Support Systems (DSS) 14 5 7  2 9  
Fclly Automated Production 0  27 8  3  
C Electronic Office 6 59 3 5  
i ? o r ~ q n a i  Cs~.putizc Tocls 9 57 2 d 
------ . . . -  - -. 
satisfactorily. Thls is also an expected resuit because 
the majority cf experiences stem from the process control systems. 
This inplies that the users are nGw aware of the possibilities 
and benefits that higher level systems can give. 
The systems in table 10 can be grouped in three categories 
Group A: Systems in use 
Group B: Systems in pioneering stage 
Group C: Future systems 
Based on the results of table 10, it may be said that the ne-er 
the idea the less confidenceinitsusefulness; the trend is obvious : 
GroupA systems are important, Group Bisuseful and GroupC seems too 
theoretical so far. 
MANAGEMENT SYSTEMS 
The u s e  o f  computer  b a s e d  s y s t e m s  i n  management a s s i s t a n c e  
and  d a t a  g a t h e r i n g  and  h a n d l i n g t a s k s  i s  i n  f a c t  o l d e r  t h a n  
c o m p u t e r i z e d  p r o c e s s  c o n t r o l .  A s  s t a t e d  e a r l i e r ,  management 
s y s t e m s  t e n d e d  t o  become s e p a r a t e d  from p r o c e s s  c o n t r o l  s y s t e m s  
d u r i n g  t h e  " second  g e n e r a t i o n "  and  t h i s  i s  s t i l l  v e r y  much t h e  
s i t u a t i o n  t o d a y .  Most f o r e s t  i n d u s t r y  companies  h a v e  q u i t e  
l a r g e  EDP-departments  t a k i n g  care o f  t h e s e  management a p p l i c a t i o n s .  
T h i s  c a n  b e  s e e n  f rom t a b l e  1 1  which  shows t h e  number o f  p ro -  
f e s s i o n a l s  i n  EDP d e p a r t m e n t s  and  i n  p r o c e s s  c o n t r o l  d e p a r t m e n t s  
i n  t h e  companies  i n  t h i s  s t u d y .  
T h e r e  is  a  l a r g e  d i f f e r e n c e  i n s t a f f i n g  be tween  t h e  EDP 
d e p a r t m e n t s  and p r o c e s s  c o n t r o l  d e p a r t m e n t s .  O f  t h e  compan ie s  
q u e s t i o n e d  2 9 %  answered  t h a t  t h e y  d o  n o t  have  any  p r o f e s s i o n a l  
e n g i n e e r s  s p e c i a l i z i n g  i n  p r o c e s s  c o n t r o l .  T h i s  l a c k  o f  
p r o f e s s i o n a l l y  t r a i n e d  p e o p l e  w i l l  become a  v e r y  s e r i o u s  
problem i n  t h e  b u i l d i n g  o f  i n t e g r a t e d  s y s t e m s  f o r  t h e  m i l l s .  I t  i s  
a l s o a d e m a n d i n g  t a s k  o f  e d u c a t i o n  and  t r a i n i n g  a t  t h e  u n i v e r s i t i e s .  
T h i s  problem h a s  a l r e a d y  b e e n  n o t e d  by B i a l k o w s k i ,  i n  Canada [ 1 9 8 1 ] .  
T h e r e  have  been  s e v e r a l  s t u d i e s  c o n c e r n i n g  t h e  e x t e n t  o f  
u s e  and  u s e r s '  o p i n i o n s  a b o u t  c o r p o r a t e  m o d e l l i n g  and  o t h e r  
management s y s t e m s  i n  i n d u s t r y  [Nay lo r  and  S c h a u l a n d ,  19761.  
No s u c h  s t u d y  s p e c i f i c a l l y  c o v e r i n g  t h e  f o r e s t  i n d u s t r y  h a s  
b e e n  p u b l i s h e d .  T h e r e f o r e ,  i t  was f e l t  i m p o r t a n t  t h a t  t h e  
s i t u a t i o n  i n  p u l p  and p a p e r  i n d u s t r i e s  c o n c e r n i n g  t h e  e x i s t i n g  
a p p l i c a t i o n s ,  u s e r s '  e x p e r i e n c e s ,  b e n e f i t s  and  d rawbacks  and  
methods  u s e d  i n  t h e  a p p l i c a t i o n s  b e  e x p l o r e d .  T a b l e s  12-16 
p r e s e n t  t h e  summary o f  t h e s e  r e s u l t s .  A l t o g e t h e r  247 a p p l i c a t i o n s  
w e r e  r e p o r t e d ,  mos t  o f  them i n  b u d g e t i n g ,  i n v e n t o r y  c o n t r o l ,  
Table 1 1 :  Number of professionals in different application 
areas. 
wood procurement, and transportation. Most users felt that thsse 
systems were important and useful. Further it may be noted that 
the applications in financial forecasts and analysis, investment 
analysis, profit planning and forest management aze quite well 
used. There seems to be some sceptisism concerning the usef-dlness 
of management information systems and project management and 
control systems. 
Applications such as resource allocation and plant location 
have not gained much grocnd amongst pulp and paper companies 
although these applications have been well studied and docunented. 
Linear programming, simulation and inventory theory are clearly 
the most appiied methods and this result supports the findings 
of Kaylor and Schauland [ 1 9 7 6 ] .  
According to table 14 the management applicatons should 
be easy to use and have good reporting and simulation possibilities. 
They should use high level programming languages and should work 
interactively with the user. The use of graphics does not 
seem to be very important here. 
Number of 
professionals 
< 5  
5 - 2 0  
> 2 0  
EDP 96 
2 7  
4 8  
2 5  
PC % 
6 5  
2  9  
6 
Average i 3 1  
I 
5 
Table 12:  Users' opinions about different computer based 
systems in management applications 
Budgeting 
Used in 
Inventory Control I 
% of com- 
panies 
Wood Procurement, Inventory 
and Transport 
Profit Planning 
Users' opinion 
I 
important I useful 1 notusefci 
Financial Analyses & Forecasts 
Project Management & Control 
Investment Analysis I 
Forest Management 
Management Information System 
Marketing Planning 
Long Term Forecasts 
Corporate Modelicg 
Transport Planning 
Purchasing Planning 
Risk Analysis 
Resource Allocation 
Plant Location 
Planning of RQD 
Organization Planning 
Table 13: Methods used in management systems 
Method 1 Used in X of cases 
Linear programming 
Simulation 
Inventory theory 
PERT or CPM 
Time series analysis 
Exponential smoothing 
Stochastic modelling 
Determinsitic modelling 
Integer linear programming 
Optimal control theory 
Box-Jenkins method 
Other forecasting method 1 
i 
Heuristics 
! 
Multiobjective optimization 1 
Non-linear prograrming 
Dynamic programin? 
Goal program~ing 
Network theory 
Logistics 
Table 14: Important features of the management applicatons 
Feature Mentioned X of cases 
Easy to use and modify 
Effective reporting 
Simulation possibilities 
Interactive operation 
Sensitivity analysis 
High level programming language 
Effective database functions 
Graphics 
Network communications 
Table 15 :  Benefits of management applications 
Eenefit % .of cases 
Piore effective planning 
Cost savings 
Better decision making 
More timely information 
More accurate forecasts 
Better understanding of 
business 
Evaluation of policy alternatives 
Optimized inventory 
Better goal setting 
Confirmation of other analyses 
Table 16: Drawbacks of the management applicatons 
Drawback % from cases 
Development costs 6 1 
Long time to develop 53 
Lack of necessary data 53 
Training and education 44 
Lack of special personnel 42 
Attitudes 39 
Updating and maintenance 33 
Lack of models and algorithms 28 
Lack of flexibility 28 
Software difficulties 25 
Poor documentation 14 
Xunning costs 11 
Cnreliable har,3ware 3 
Concerning the benefits (table IS), the intangible features, 
in money, like more effective planning, better decision making 
and more timely information outweigh the cost savings and 
optimized inventory. The most serious drawbacks and barriers 
for spreading these systems further seems to the the development 
costs, long development time, lack of necessary data and models 
and questions related to personnel (training and attitudes) as 
shown in table 16. Minor problems are the updating and main- 
tenance. On the contrary the hardware reliability and running 
costs seem to present no problems. 
The use of outside consultants is very common: in70percent of 
cases, outside consultants were used in developing the above 
applicatons. In 55 percent of the cases the applications are 
purchased, the share of own development being small, only 45 
percent. When asked about the ongoing work in this area about 
38 percent of companies were developing new applications; another 
38 percent developing new algorithms and models and 2 3  percent 
had no active development work going on. 
INTEGRATION OF THE SYSTEMS 
Since world war I1 the size of the enterprises and organ- 
izations has grown rapidly. The effective management and 
control of large systems is very difficult because, among other 
things, the formulation of comprehensive models and objectives 
is very complicated. The large size of the system makes the 
communication,data transfer and the normal techniques of model 
solving and optimization very slow and impractical. 
Further it is to be noted that a corporate and its operations 
are becoming more and more dependent on exogenous factors as 
customers, competition, availability of capital, governme3tal 
policies and regulations, interest groups, energy and labour 
market etc. The need for fast and reliable information systers 
in a corporate is essential. Several types of management 
information systems (MIS) have been developed and applied 
[Golemanov 1 9 8 1 1  but as seen from the above questionnaire the 
users' experiences so far are not wholeheartedly positive. 
Due to better reliability and for economic reasons there 
is now a general trend towards decentralized decision making, 
. 
distributed computation and control and hierarchical system 
structures, in large-scale complex systems such as in integrated 
paper mill corporations. This leads to the integration of the 
contro1,information and management systems according to the 
hierarchical organizational and functional principles. 
Today, the aid of microcomputers and other distributed hardware 
makes this technically feasible. 
The general potential benefits and advantages achieved by 
such hierarchical systems are [~eiviskz, Jutila, Uronen & 
~eikkili 1 9 8 0 1  : 
Easier integration of all the functions and better 
adaptability to existing (from their nature hierarchical) 
organizations. 
Flexibility and reliability 
Better utilization of resources; for example the data 
processing capability of individual subsystems. Then 
the distribution of functions, control tasks and responsi- 
bilities between different levels of the hierarchy is a 
key planning factor. 
Reducing complexity and thus simplifying the solution process. 
Coping with uncertainties--the decisions at each level 
are made at different times and thus the data at lower 
levels is quite uncertain when higher level decisions 
are made. In a centralized system all decisions should 
be made at the same time and thus earlier than in a 
decentralized hierarchy at the lower levels when the 
data available is more uncertain. 
The limited decision-making capabilities of an individual 
is extended by the hierarchical structure. 
Subsystems may be geographically far apart having 
limited communication with each other. 
There will always be costs, delays and errors when 
transmitting information. The distributed structure 
and decentralized decison-making will minimize 
these costs, delays and errors. 
In the existing system there may be local autonomy 
made by the subsystems and/or privacy of information. 
These features can be included in and coped with by the 
hierarchical structure. 
- The t e c h n i c a l  d e v e l o p m e n t  o f  t h e  d i s t r i b u t e d  h a r d w a r e  
a nd  d a t a b u s  t e c h n i c s  [ ~ e i k k i l i  & ~ i k k i l s  19801 
h a s  made t h e  i n t e g r a t i o n  o f  t h e  c o n t r o l ,  i n f o r m a t i o n  
and  management s y s t e m s  a t t r a c t i v e  t o  b u i l d  and  
o p e r a t e  b o t h  t e c h n i c a l l y  and  e c o n o m i c a l l y .  
I n  s p e c i f y i n g  and  p l a n n i n g  t h i s  k i n d  o f  i n t e g r a t e d  h i e r -  
a r c h i c a l  s y s t e m  t h e r e  i s  a  l o t  o f  r e s e a r c h  a n d  d e v e l o p m e n t  w ork ,  
e s p e c i a l l y  t h e  g e n e r a l i t i e s  a n d m e t h o d o l o g y c o n n e c t e d  t o  p l a n n i n g ,  
o p e r a t i o n  a n d  u p d a t i n g  o f  t h e  s y s t e m s .  The c o n c e p t u a l i z a t i o n ,  theor17 
a n d  g e n e r a l  a d v a n t a g e s  o f  h i e r a r c h i c a l  s t r u c t u r e  h a s  b e e n  w i d e l y  
s t u d i e d  i n  r e c e n t  y e a r s  [ A t h a n s  1974 ,  1978 ,  M e s a r o v i c ,  Macko and  
T a k a h a r a  1970 ,  F i n d e i s e n  1978 ,  15811.  A p p l i c a t i o n s  f o r  s u c h  
systems a l r e a d y  e x i s t ,  f o r  e x a r ? l e  i n  t h e  s t e e l  i n d u s t r y ,  
[ > ! i j a z a k i ,  S a k a i r i ,  Okamo, Arakawa and  S u z u k i ,  19781 ,  an^ i n  t h e  
p u l p  a n d  p a p e r  i n d u s t r i e s  [ E r i k s s o n  1978 ,  Uronen a n d  W i l l i a m s  1978 
P e t e r s s o n  a n d  ~ : c k e r t  19781 ,  b u t  t h e  e x t e n s i v e  i m p l e m e n t a t i o n  o f  
t h e  i n t e g r a t e d  s y s t s n  c o c c e p t  i s  j u s t  b e g i n n i n g .  T h e r e f o r e  t h 2  
s t r u c t u r i n g ,  s t a n d a r d i z i n g  and  m e t h o d o l o g i c a l  g e n e r a l i t i e s  a r e  
o f  t h e  u t m o s t  i m p o r t a n c e .  T h e r e  a r e  s e v e r a l  m a j o r  f a c t c r s  a n d  
c h a n g e s ,  e s p e c i a l l y  i n  t h e  p u l p  and  p a p e r  i n d u s t r y ,  demanding  
an d  i a v o u r i n y  t h e  u s e  and  d e v e l o p m e n t  o f  s u c h  i n t e g r a t e d  s y s t e n s ,  
f o r  ex am p l e :  
- A m a j o r  p a r t ,  80 p e r c e n t ,  o f  t h e  p r o d u c t i o n  w i l l  
b e  r u n  o u t s i d e  t h e  no rma l  d a y s h i f t ,  when t o p  management 
i s  n o t  o n  s i t e ;  t h e r e f o r e  t h e  o p e r a t o r s  a n d  o t h e r  
s h i f t  p e r s o n n e l  n e e d  a  s u i t a b l e  set  o f  t o o l s  f o r  
r e l i a b l e  a nd  a c c u r a t e  d e c i s i o n - m a k i n g  c o n c e r n i n g  
t h e  o p e r a t i o n  o f  t h e  m i l l  and  p l a n n i n g  t h e  s h o r t  
t e r m  a c t i o n s .  T h i s  i n f o r m a t i o n  m u s t  be s t o r e d  
and later used as an historical database for checking 
and longer term planning. 
- The mills are becoming more and more complex 
(the closed mill technology, larger units) and 
integrated (energy network, chemicals circulation, 
environmental protection). 
- The economic factors (cost and efficiency reporting) 
and productivity are very important today. This 
development will also mean that the plant optimization 
will change frcm technological or process optimization 
to economic optimization thus the dimensions and the 
complexity of ths problem will increase. 
- The new developments of microelectronics an'd other 
related technology has created new possibilities. 
The use of computer technology in the pulp and paper 
industry has a certain maturity and the general 
attitudes are positive. 
It is a well documented fact that most of the computerized 
unit process control systems in the pulp and paper industry have 
been profitable and successful investments [Keyes 19761 giving 
remarkable gains in terms of increased throughputs, higher 
yield, lower raw material and energy usage and better quality. 
This statement is supported by the results of this study: Most 
mills were satisfied with their existing process control systems. 
At the higher levels of management the traditional real- 
time management information systems (MIS) have not been as 
successful as expected. The results of this questionnaire clearly 
support this as was shown in table 9. Parallel to the 
r e a l - t i m e  management i n f o r m a t i o n  s y s t e m s  t h e  s o  c a l l e d  d e c i s i o n  
s u p p o r t  s y s t e m  (DSS) h a s  been  l a u n c h e d  f o r  t h e  h e l p  o f  h i g h e r  
management i n  i n d u s t r y  and  b u s i n e s s  [ F i c k  & Spraque  19811.  
The mos t  i m p o r t a n t  f e a t u r e s  o f  t h e s e  s y s t e m s  a r e :  
- The s y s t e m  fo rms  an e f f e c t i v e  and  i n t e r a c t i v e  l i n k  be tween  
computer  c a p a b i l i t i e s  ( d a t a )  and  d e c i s i o n  maker ( u s e r ) ;  
- t h e  s y s t e m  must  h e l p  managers  i n  making i l l - d e f i n e d ,  
n o c s t r u c t u r e d  d e c i s i o n s  where e x p l i c i t  and  " s t a n d a r d "  
s o l u t i o n s  b y  a l g o r i t h m i c  o r  o t h e r  s i m i l a r  means a r e  
n o t  p o s s i b l e .  
- t h e  s y s t e m  w i l l  s u p p o r t  t h e  j u d g e n e n t s  and  human d e c i s i o n s .  
The d e c i s i o n  s u p p o r t  s ; ~ s ~ e m  i s  a  new t o o l  f o r  d e c i s i o n  makeys 
. .  . is jcC bm-:-- , ; --  -,; 52 a r m ~ - * . = , 4  51- i . - d ~ s t r y .  
- Y  - - ' - - - ' +  2 L L  ---- 
These xeTd p c s s i k i i i t i e s  a t  a 1 1  le7:els o f  i i - i d u s t r i a l  o r q a 3 i -  
z a t i o n s  f rom i n s t r u m e n t a t i o n  t o  t o p  manaqementhas  c r e a t e d  much d i s -  
c u s s i o n  a b o u t  t h e  i n t e g r a t i o n  of  a l l  o f  t h e s e  s y s t e m s  i n t o  a  s y s t e m  
h i e r a r c h y  u s i n g d i s t r i b u t e d  ha rdware  and r e a l  t i m e  network  c o ~ m u n i c a t i o n s  
[ L ' r o n e n 1 9 8 1 , r r i i l l i a ~ . s  1 9 7 8 ,  1980,  Colemanov1981,  H f i b r , e r 1 9 7 9 , - I l s h o l ~  E- 
P a ~ ; l u n d 1 ? 7 8 , E r l k s a c n  1 9 7 8 , F o w l e r 1 9 E O , H a g l u n d  & Alsholm 7980: 
The d e v e l o p m e r . ~  a ~ l d  i m p l e m e n t a t i o n  of t h i s  k i n d  o f  t c z a l  hier- 
a r c h y  i s  a  long- t e rm p r o j e c t  demanding r e m a r k a b l e  i n v e s t m e n t s  and  
p l a n n i n g  r e s o u r c e s .  T h e r e  i s  t h e  t h e o r e t i c a l  and  t e c h n o l o g i c a l  
r e a d i n e s s  t o  b u i l d  t h e s e  sys t ems .  The u s e r ' s  o p i n i o n s  and  n e e d s  
c o n c e r n i n g  t h e  u s e f u l n e s s  and  a p p l i c a t i o n  o f  t h e s e  s y s t e m s  
must  b e  a t  t h e  h i g h e s t  p r i o r i t y  i n  o r d e r  t o  a v o i d  t h e  
s i t u a t i o n  where t h e  computer  t e c h n o l o g y  and  s y s t e m  v e n d o r s  
d i c t a t e  t h e  d i r e c t i o n  o f  p r o g r e s s .  The m o s t  c r i t i c a l  and  
i m p o r t a n t  q u e s t i o n s  a r e :  How much i n t e g r a t i o n  s h o u l d  b e  recornended 
and  how much d o e s  it depend on  l o c a l  c i r c u m s t a n c e s ?  
Is the integration of management systens with process control 
syste~s useful or advisable? HOW to combine the different 
systems and the distribution of tasks,functions and data bases? 
What are the effects of this kind of system on the organization 
and what are the most important topics for research and development 
work in this area? These questions were included as a central 
part of the questionnaire and by following the responses can 
be analyzed in detail. 
The starting point is the existing organization of data 
processing activities (responsible for management systems) 
and process control activities inside the companies. 
The result was that the existing organizations prefer to 
keep process control systems and data processing systems 
- - ,.. - . - 
. - 7 t . z  
. - ? .  - . - - -  2: aL* l?-;?is ,:,r cr~~:iz~z~cr.. 
. .?-? existing majority for se?arate organizaticns was, at 
mill level: 9 2 %  vs 8 X ,  at division level: 7 9 %  vs 21X, and at 
corporate level: 9 2 %  vs 82.  
From table 17 we see that in the present situation the 
decentralized mill level organization for the process control 
area is predominant with some degree of corporate or division 
widecoordination. This isquite reasonableandanexpected result 
because the technological processes and needs may vary from mill 
to mill. For stadardization and coordination purposes a small 
corporate staff is available. In the data processing area the 
centralized organizations are more common: 4 1 %  from the companies 
answered have corporate wide organizations, 1 9 %  corporate wide 
coordination and 24% have a mill level decentralized organization. 
rn i a b l e  7 .  O r g a n i z a t i o n  o f  t h 2  d a t a  p r a c e s s i n g  and  p r o c e s s  
c o n t r o i  work i n  companies  
D e c e n t r a l i z e d  m i l l  
l e v e l  o r g a n i z a t i o n  
C o o r d i n a t e d  a t  
d i v i s i o n  l e v e l  
Da ta  P r o c e s s i n g  
s y s t e m s  % 
System 
1 P r o c e s s  C o n t r o l  
D i v i s o n  l e v e l  
o r c a n i z a t i o n  
Type of  
o r g a n i z a t i o n  
C o o r d i n a t e d  a t  
c o r p o r a t e  l e v e l  
s y s t e m s  X 
C e n t r a l i z e d  c c r ? o r a ? e  I s r q a ~ . i z 3 t i c n  , 
%- 
T-L: - , r = s T l ; t  *.b7,?s :SC, 3:\525:-32: ,-, ,z , -  .- -. ... ,- - ? - ,.- -- ,. - 
- .. - . -.- : . L . . r -  L--  2 L  .LI;?,:3 
p r o c e s s i n g  i s  more g e n e r a l  and inore c l o s e l y  r e l a t e d  t o  t h e  
c o r p o r a t e  wide o p e r a t i o n s .  Among t h o s e  who a r e  i n  f a v o u r  o f  
more c e n t r a l i z a t i o n  showed t h e  most  i m p o r t a n t  b e n e f i t s  t o  be  
Common d o c u m e n t a t i o n ,  b e t t e r  c o o r d i n a t i o n ,  t e c h n o l o g y  t r a n s f e r ,  
s t a f f  t r a i n i n g ,  l o w e r  c o s t s ,  and  promot ing  o f  m i l l  wide  i n f o r -  
ma t ion .  However, when t h e  o p i n i o n s  o f  t h e  r e s p o n d e n t s  c o n c e r n i n g  
t h e  o r g a n i z a t i o n  and i n t e g r a t i o n  o f  t h e  s y s t e m s  f o r  f u t u r e  
were asked  a  d i f f e r e n t  o p i n i o n  was g i v e n  a s  shown i n  t a b l e  1 C .  
T a b l e  18 .  I n t e g r a t i o n  of  P r o c e s s  C o n t r o l  Sys tems  and Da ta  
P r o c e s s i n g  Sys tems  o f  t h e  F u t u r e .  
The t r s n d  h e r e  i s  c l e a r :  more i n t e g r a t i o n ,  e s p e c i a l l y  a t  
m i l l  l e v e l ,  i s  an i m p o r t a n t  need .  The main r e a s o n s  o p p o s i n g  
t h i s  deve lopmen t  a r e :  D i f f e r e n t  a s p e c t s  and t i m e  h o r i z o n  o f  
t h e  work,  e a c h  m i l l  h a s  i t s  oxn t e c h n i c a l  p r e f e r e n c e s  a n d  
management s t y l e .  The d a t a  p r o c e s s i n g  p e o p l e  and  p r o c e s s  c o n t r o l  
p e o p l e  d o  n o t  u n d e r s t a n d  e a c h  o t h e r s '  work and  p r o b l e m s ,  t h e r e b y  
showing t h a t  t h e r e  i s  a l s o  a  t r a i n i n q  and e d u c a t i o n  ~ r o b l e m .  
The i d e a  o f  b u i l d i n g  m u l t i l e v e l  (3-5 l e v e l s )  h i e r a r c h i c a l  
i n t e g r a t e d  s y s t e m s ,  s t a r t i n g  f rom p r o c e s s  c o n t r o l  and  i n c l u d i n g  
t h e  management i n f o r m a t i o n  sys t em and  s i m i l a r  f u n c t i o n s  a t  a  
h i g h  l e v e l  h a s  been  w i d e l y  d i s c u s s e d  i n  r e c e n t  y e a r s  [ T i n n i s  
1976,  Uronen & W i l l i a m s  1978,  Ahlsholm and Haglund 1980,  Uronen 
1980 a ,  b,  Golemanov 1 9 8 1 , ~ e i v i s k g  and  Uronen, 19801. T a b l e  l g  
shows t h e  o p i n i o n s  o f  t h e  r e s p o n d e n t s  t o  t h i s  q u e s t i o n .  
From t a b l e  19 w e  c a n  c o n c l u d e  t h a t  t h e r e  i s  a r e m a r k a b l e  
i n t e r e s t  and  a l s o  o n g o i n g  work i n  t h e  d i r e c t i o n  o f  i n t e g r a t e d  
s y s t e m s  e s p e c i a l l y  a t  m i l l  l e v e l .  The i n t e g r a t i o n  o f  t h e  s y s t e m s  
by u s i n g  d a t a  b a s e  t e c h n o l o g y  e n a b l e s  t h e  u s e  o f  common d a t a  
Type o f  o r g a n i z a t i o n  
I n t e g r a t i o n  a t  m i l l  l e v e l  
I n t e g r a t i o n  a t  d i v i s i o n  l e v e l  
I n t e g r a t i o n  a t  c o r p o r a t e  l e v e l  
Yes No 
! 
79% 
52% 
39% 
21% 
78% 
61% 
T a b l e  1 9 .  O p i n i o n s  a b o u t  i n t e g r a t e d  h i e r a r c h y  
a  1 Type o f  h i e r a r c h y  
I 
I j U s e f u l  Not i m p o r t a n t  
- 
H i e r a r c h y  a t  m i l l  l e v e l  
H i e r a r c h y  a t  c o r p o r a t e  
l e v e l  
H i e r a r c h y  a t  d i v i s i o n  
l e v e l  
b  1 B e n e f i t s  o f  t h i s  k i n d  o f  h i e r a r c h y  
82% 
B e n e f i t  Ment ioned  i n  % 
o f  a n s w e r s  
Bet ter  d e c i s i o n  making 
Better  c o o r d i n a t i o n  
Bet ter  p r o d u c t i v i t y  I 
c o n t r o l  i 
C o s t  s a v i n g s  , 1 61% 
F a s t e r  and  more i 
a c c u r a t e  d a t a  ! 61% 
I 
E a s i e r  p l a n n i n g  5 6 %  
S t a n d a r d i z a t i o n  4 4 %  
P e r s o n n e l  s a v i n g s  2 2 %  
c On-going d e v e l o p i n g  work 
Sys tem t c  b e  d e v e l o p e d  i X o f  companies  answered  
H i e r a r c h y  a t  n i l 1  l e v e l  
H i e r a r c h y  a t  d i v i s i o n  
l e v e l  
H i e r a r c h y  a t  c o r p o r a t e  I 
l e v e l  
Table 19 contd. 
How the management systems and process control systems 
should be combined 
Integration % of answers 
None 
Same data bases 
Real time communications 
Full integration 
e Future development work planned 
Activity planned 1 X from answers 
Expansion of existing MIS 
Developing DSS 
Start to buil2 MIS 
Integration of MIS and 
production control 
None 
bases in real-time communication which seems to be the most feasible 
solution for the future. 
Finally the recommendations and suggestions for important 
research topics in this area were explored. Table 20 indicates 
the answers. 
The topics suggested indicate quite clearly the following 
important problem areas: Economics of automation and data pro- 
cessing systems, organizational effects and problems and 
needs for standardization and easier programming systems. 
Longer-term topics are DSS and fully automated production. 
Table 20: Future Research topics suggested 
Topics Mentioned in X of answers 
- -- 
Economics of the system 
Distribution of decision making 
and its effects on MIS 
Mill productivity models 
Production scheudling and co- 
ordination algorithms 
Non-procedural programming 
i anguages 
Standardization 
DSS in forest industry 
Fully automated mills 
Corporate wide hierarchy 
CONCLUSIONS 
There clearly exist remarkable interest and progress 
towards the integration of the control, information and 
planning systems at various levels in the pulp and paper industry. 
To a large extent, this has been caused by the new generation 
of distributed hardware capable of flexibly building of inte- 
grated hierarchical systems. The application of the new gener- 
ation of these integrated information systems is now at its 
early stages of development without any standards or "packaged" 
solution. Therefore this would be an optimal time to try to 
develop guidelines and standards for these systems and their 
usage according to the opinions and wishes of the users before 
the market will be too much directed by the hardware and by the 
vendors of these systems as has been the case sometimes in the 
short history of the computers in the industry. Following are 
some critical questions to be thoroughly studied when developing 
these systems : 
What is the reasonable sophistication of hierarchy 
and integration of the systems at various levels of organization 
i.e., mill wide, division wide or corporate wide integration? 
What is the "optimal" level of automatization and how much does 
it depend on local circumstances, mill or company size, 
product mix etc.? 
How much standardization and general packages or modules 
for this kind of integrated systems can beandis feasible to 
develop? 
Econanic pzy-off studies of different scenarios of inte- 
grated systems in typical nil1 using actual data would be inportsnk. 
What are the needs for new models and algorithms in these systems? 
The a2plicability of €xisting rr,cdels and algorithms. Effects of 
these systems on organizations, trainicg and education of 
people at all levels of organization. Based on the results 
of this study it seems quite obvious that at mill level the 
integration is feasible and advantageous and most mills are 
planning to implement this kind of system in the near futurs. 
The completion of this integration into division and corporate 
levels is not so clear and many companies do not see it as 
necessary. Therefore, a total system like the one depicted in 
figure 4 might be a general scheme for corporatewide system 
integration with the aid of three levels of system inter- 
connected with data highways. In addition to these a decision 
support system for mill management and data link to division wide 
and corporate wide information systems is needed. 
With this kind of development and by using digital instru- 
mentation systems and other distributed hardware and effective 
video and other man-machine communications the  classical" 
Corporate or Division 
wide information and 
planning system 
DSS for 
Mill Management i Data link 
Mill wide planning and 
information system 
( ) Databus 
Optimizing and coordi- 
nating systems 
Digital automation system 
including single loop 
controls and other simple 
strategies 
Databus 
Raw materials Products 
I Processes including inter- I 
Energy 
Figure 4. Proposed integrated system hierarchy 
control rooms with many recorders, indicators, counters and 
semigraphic process flow diagrams will diminish and thus also 
the work of operating personnel will change remarkable. Another 
interesting new development area is the company intern information 
system similar than those operated by some public companies etc. 
These systems should include and handle the company intern 
pertinent information and it could form a first step forward 
in decision support systems. It is evident that the development 
will go in the direction of integrated information systems 
and this also means towards higher level of automation and already 
today we do have technical possibilities and means to realize 
a fully automated production, where operators are only in one 
(or in very few) control centre(s). The hzrdware development 
seens to be far ahead of the software development and there does 
not exist any  standard soluticn or standards for the integra~ed 
systems. Another big problem area here will be the organizational 
and other rr.anjn.3chine effects. The future development work in 
these areas must be encoxrased which was also clearly snpported 
by the results of this investigation. 
APPENDIX 
OUESTIONNAIRE ON THE USE OF COMPUTER BASED 
SYSTEMS ANALYTICAL APPLICATIONS IN THE FOREST INDUSTRY 
(please type or use block capitals. Tick boxes and/or delete 
where applicable.) 
A. General 
1. Name of the Company: 
Main products: 
Annual capacities: 
Turnover : 
< 1 0 OM$ 
Own forest lands: 
None 
How many divisions 
How many mills 
How many mill locations 
2. Organization of systems analysis work in your company. 
Centralized corpor- 
ate organization 
Corporate wide 
coordination 
Centralized organ- 
ization inside 
divisions 
Divison wide 
coordination 
Decentralized 
(mill or plant 
level organization! 
Do you have plans to centralize this 
systems organization 
If yes, or if you already have a 
centralized organization, can you give 
some benefits which you see with the 
centralized system organization: 
3. systems development work in your company. 
Number of professionals in EDP group 
Number of professionals in Process Control Group 
DO you regularly use outside consultants 
DO you have R6D cooperation with: 
Consulting companies 
Engineering companies 
Universities 
Research institutes 
System vendors 
Have you bought most of your systems 
as ready products from the vendor? 
How large, for example in .%, is your 
own development work 
DO you think that most "packages" 
available in the market do need 
tailoring to your company? 
Will this tailoring be nade by you, 
by the vendor or jointly? 
4. Corporate wide systems. 
Do you think that process control systems 
and management and administrative systems 
(EDP) should be kept fully separated: 
a) at corporate level 
b) at division level 
C) at mill level 
Reasons: 
DO you think a hierarchical multilevel information and 
control system starting from process control and 
including the management information system (MIS) is 
useful and important: 
a) at corporate level 
b) at division level 
C) at mill level 
~ e n e f  its: 
Standardization 
Common database gives more accurate 
and fast data 
Cost savings 
- 
Personnel savings , , u
Setter decision makinq 
Better coordinatign 
Better ~roduckivity control 
Easier planning 
Other 
Are you building a corporate/division/mill- 
wide systems hierarchy in your company? 
B .  Process and Production control Systems 
1 .  The existing systems in your mills: 
own 
Number Package development 
Batch Diaester Control 
Continuous Digester Control 
Bleach Plant Control 
Washing & Screening Plant 
Control 
Pulp Drying Machine Control 
Evaworator Plant Control 
Recovery Boiler Control 
Line Kiln E Causticization 
Control 
- - -  ~ -- - 
Power Boiler Control 
TMP Plant Control 
Grinder Control 
Stock Preparation Control 
Pa~er Machine Control Svstems 
Coater Control Systems 
Roll Handling Systems 
Quality Nonitoring and Control 
Inventory System 
Trimrninq & Schedulinq Svstem 
Energy Management System 
Order Handling System 
Environmental Monitoring Sys. 
Production Planning System 
Production coordination & 
Control System 
2. What new unit process control systems do you expect and 
plan to install during the next 5 years in your mills:- 
3. Are you planning to implement a production planning and 
coordination system in the near future: 
If yes, what are the main benefits you see to be achieved 
with it: 
Better use of equipment and capacity 
Increased production 
Decreased losses and risks 
Better decision making 
More accurate and timely information a 
Better cost and effectiviness control 
Easy and flexible planning 
Savings in personnel 
Increased safety in operation 
Others (please specify) 
4. If you think tnat a cgmputer based production plannlna 
and coordina~ion system is not useful, what are your 
main argamenta: 
Hicjh costs 
Difficuit and complex programming 
Lack of modeis and algorithms 
Unreliable and non-compatible equipment 
Training and education of personnel 
The benefits are marginal only 
Other, (please specify) 
5 .  If you already have a computer based corporate or mill- 
wide production planning system, what are your experiences: 
The system was built separately without 
any or very little connection to the 
process control system 
The system was built by using as much as 
possible of the process control systems 
The Main benefits are: 
Higher production 
Easy and flexible planning 
Decreased losses and disturbances 
Savings in personnel 
Better information and decision making 
Other, (please specify) 
The main problems: 
Costs 
Training 
Updating of the system 
Maintenance 
Other, (please specify) 
6. Needs for RED in this area (name 3 most obvious): 
New and better sensors 1 1  
Development of better process and mill models 0 
Development of more efficient control algo- 
rithms and increased use of advanced control 
theory 
Yser oriented programming m 
7 
Self-diagnostics of the systems i] 
Standardization of communication 
and programming 
Better man-machine interface 
Methods for intergrating of the sybsystems 
7 into a hierarchy i] 
Other, (please specify) 
7. How do you maintain and update your systems 
in this area? 
i3abirsitter by the vendor on-sitt 
ED-ergeney reparations only 
8. Bow do you train and educate your people in using the 
coxputer based systems? 
- 
:<o crganized training insi2e the company 8 ,  
'd 
Company organized seminars, courses, 
tutorials etc. 
Active participation In outside 
courses etc. 
Special programs desiqned and organized 
by consultants and institutes C 
9. How do you rate your existing systenls in the following 
areas: 
10. What is your opinion of the following systems? 
i 
Process Control Systems 
Production planning and 
coordination 
Energy Management 
~actical planning 
Strategic planning 
Management information 
system 
1 
Very 
good 
System 
Computerized process control 
Computerized production planning 
Computerized order handling 
Computerized quality control 
Computerized energy management 
1 
system for coordination of 
different departments 
Real-time management information 
system 
Hierarchical multilevel (3-4 
levels) corporate or mill- 
wide information and control 
system 
Combination of management infor- 
mation and production control 
systems 
Use of computers at the highest 
level of management (Decision 
support systems) 
Idea of totally automated pro- 
duction in the Forest Indus- 
try 
Electronic Office 
Personal computing tools 
satisfactory 
Important 
~ o t  
satisfactory 
f I Not 
Useful 1 Useful 
1 
I 1 
1 
I I 
/ 
i 
1 
C. Management Systems 
1 .  Which of the following computer based applications of 
Systems Analysis are used in your company.and how do you 
rate them? 
Corporate modeling 
Plant location 
Resource (=Forest) Management 
Budgeting 
Marketing planning 
Investment Analysis 
Profit planning 
Long term forecasts 
Financial analyses and forecast 
Inventory control 
i Praject management and csntrol 
[ Planning of transportation 
I Organizational planning 
: Risk analysis 
Planning of R&D 
I Purchasing planning / Management information system 
I 
i Resource allocation 
1 Wood Procurement, inventory ( and Transport 
Important Useful 
useful YOt 
3 L .  Which of the following systems analytical tools and 
methods are used in your company in the above systems? 
Used 
Linear programming 
Integer linear programing 
Non-linear programming 
Dynamic programming 
Multi-objective optimization 
Goal programming 
Deterministic models 
Stochastic models 
Simulation 
Gaming 
Heuristics 
Pert or CPM 
Inventory theory 
Network theory 
Optimal control theory 
Tine series analysis 
BOX-Jenkins method 
Exponential smoothing 
Some other forecasting method 
Other, specify 
- - 
3. Important features of the above application: 
Easy to use and modify a 
Effective reporting 
Effective data base management and utilization 0 
Graphics 
Sensitivity analysis 0 
~ffective simulation possibilities 
Interactive operation 
High level programming language 
Network communications 
4. Benefits of the applications: 
Better understanding of business 11 
More accurate forecasts 
Cost savings 
More timely information 
More effective planning 
optimized inventory 
Evaluation of policy alternatives 
Better decision making 
Better goal setting 
Confirmation of other anaiyses I3 
5. Drawbacks and reasons of the gap between the theory 
and practice in tho use of manaqement science and 
managenent information systems. 
Poor docmentation 
Lack of necessary data 
Lack of necessary models and algorithms 1 7  
L' 
Unreliable harsware - I 
Development costs 
Long time to develgp 
 raining and education 
Lack of special personnel 
Running costs 
Lack of flexibility 
Software difficulties 
Output format design 
Attitudes 
Updating and maintenance 
6. DO you use outside consultant, e.g., universities, soft- 
ware houses, computing centres etc., in the further 
development of your systems? 
YES/NO 
7. TO what extent are the above applications your own 
development and to what extent are they purchased 
programs or packages? 
~otally own development 
Mainly own development I7 
Mainly purchased products 
Totally purchased products 
8. ongoing R&D work in this area in your company, 
New applications 
New models 
New programs 
9. To what extent do you think these systems should be 
combined with the process control and production 
planning systems? 
~ o t  at all -, I I 
Same data bases 
7 
Real-time communications 0 :  
~ u l l  integration 0 
10. In the near future are you: 
starting to build management information 
systems U 
Expanding your existing management 
information system 
starting to study and develop decision 
support systems 
NO new applications 
~ntegrating the management systems with 
the production planning and control system 
1 1 .  !?ecomrnendations for the future RED: 
Use of the decision support system idea 
in the forest industry 
Corporate wide hierarchy 
production scheduling and coordination 
algorithms 
Distribution of the decision making 
(Corporate versus Mills) and its effects 
on the management information systems 
I3 
~conomic pay-off studies of different systems 
Man-machine communication (non-procedural 
languages) D 
Mill productivity models !-' d 
Fully automated mills 
standardization 
12. Are you interested in the planned II3.SA task force 
meeting planned for May 1 9 8 ' 1 ,  where the results and 
findings of this questionnaire will be discussed, 
13. Other co~lments and suggestion for 1IASA:- 
14. Name and address on the contact person in your 
Company 
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